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A18 EVALUATION OF CARTILAGE REPAIR TISSUE USING
NOVEL CONTRAST MECHANISM – INITIAL RESULTS OF
MAGNETIZATION TRANSFER CONTRAST COMPARED TO T2
RELAXATION
S. Quirbach1, G.H. Welsch1, K. Schefﬂer2, S. Marlovits1, S. Domayer1,
O. Bieri2, T.C. Mamisch3, S. Trattnig1. 1Medical University Vienna,
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Purpose: As a common treatment of chondral defects on the knee joint,
cartilage repair procedures such as microfracture (MFX) and matrix-
associated autologous cartilage transplantation (MACT) need to be as-
sessed in the post-operative follow-up. On both patient groups, areas
of cartilage repair as well as areas of intact hyaline cartilage can be
observed post-operatively since both methods are used in the treatment
of single full thickness cartilage lesions. Therefore, detailed assessment
of these patients may help highlighting the potential beneﬁts of novel
imaging techniques in visualization of articular cartilage and its ultrastruc-
ture, in healthy as well as in affected articular cartilage.
The purpose of this initial study was to show the potential of magne-
tization transfer contrast (MTC) imaging in the assessment of articular
cartilage and compare it to the more common T2 mapping technique
and furthermore, to evaluate deep and superﬁcial cartilage aspects in
order to elucidate possible zonal differences.
Methods: Thirty-four patients (17 after MFX and 17 after MACT) were
examined with 3T MRI. The magnetization transfer ratio (MTR) was
calculated from measurements with and without MT contrast. T2 values
were evaluated using a multi-echo, spin-echo approach. Global (full
thickness of cartilage) and zonal (deep and superﬁcial aspect) region-of-
interest (ROI) assessment of cartilage repair tissue and normal-appearing
cartilage was performed by an experienced senior musculoskeletal radi-
ologist in consensus with an orthopedic surgeon with special interest
in musculoskeletal MR imaging. An area of cartilage repair and an
area of healthy-appearing control cartilage were identiﬁed using the
morphological images as well as the surgical reports. Initially, the ROIs
covered the full thickness of the cartilage layer. For further evaluation of
zonal variations, the ROIs were divided into two equal-sized deep and
superﬁcial regions.
Results: In patients after MFX and MACT, the global MTR of carti-
lage repair tissue was signiﬁcantly lower compared to healthy cartilage.
Regarding zonal variation, a signiﬁcant increase could be observed
from deep to superﬁcial aspects of healthy control cartilage. Concerning
global MTR of cartilage repair tissue, all assessed mean values where
signiﬁcantly decreased in both patient groups. A zonal variation could
not be observed within the cartilage repair tissue. The further evaluation
of T2 relaxation times showed a clear zonal variation for healthy control
cartilage. Concerning cartilage repair tissue mean T2 values showed no
decrease in patients after MACT; however a clear decrease in patients
after MFX. Zonal variation could be assessed after MACT, but not after
MFX.
Conclusions: MTC evaluation showed to be capable in the differentiation
between healthy control cartilage and cartilage repair tissue after different
cartilage repair procedures. Furthermore, it was possible to assess a
deep and superﬁcial aspect of articular cartilage and to describe an
increase in MTR from deep to superﬁcial in healthy cartilage sites.
Compared to T2 mapping, MTC showed to be more sensitive in the
discrimination between healthy cartilage sites and cartilage repair tissue
after MACT; however, the differentiation between both cartilage repair
tissues was better visible using T2 relaxation.
Figure 1.
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Purpose: Recent studies have focused on MRI features related to knee
pain in OA with the assumption that x-ray features are poorly associated
with pain. Disentangling which MRI features are truly associated with
pain is difﬁcult; many abnormalities occur together in OA and may simply
be markers for disease severity. Further, prior studies are likely to be
biased due to uncontrolled confounding by between-person differences
in pain. For example, pain sensitivity, perception and tolerance to painful
stimuli differ from person to person due to various factors, and unless
such factors are measured and accounted for, evaluation of the relation of
imaging features to knee pain will be confounded. We therefore compared
MRI and x-ray for their ability to predict knee pain by conducting a
matched analysis within persons with knees that were discordant for pain,
thereby eliminating the confounding effects of factors that differ between
persons.
Methods: The Framingham OA Study is a community-based cohort
unselected for knee OA. Subjects had bilateral PA x-rays, bilateral MRIs
(1.5 T, sagittal T1, coronal and sagittal T2-w fat-suppressed, axial 3D
FLASH), and were asked about frequent knee pain (FKP) (pain on most
of past 30 days). MRIs were read using WORMS. We identiﬁed individuals
who had one knee that had FKP, while the other did not. Two knees within
a person formed a matched set. We used conditional logistic regression
to evaluate the relation of FKP with Kellgren & Lawrence (K/L) grade, and
with MRI features of OA (cartilage morphology, osteophytes, bone mar-
row lesions (BML), meniscal abnormalities (MeniscAbn), synovitis, and
subchondral bone attrition). We used stepwise regression to determine
which MRI features had better power to predict FKP once accounting for
presence of other features. We compared the discriminative ability of
Table 1: Within-person matched knee analysis: Associations of K/L grades and MRI features
of OA with FKP in 193 persons with knees discordant for FKP (mean age 65, mean BMI 30,
59% female)
OR (95%CI)
Among all pairs of knees in the sample (n = 193 persons)
K/L Grade (prevalence %):
K/L = 0 (61%) 1.0 (ref)
K/L = 1 (6%) 3.1 (0.9−10.4)
K/L = 2 (15%) 3.5 (1.3−9.6)
K/L = 3 (12%) 17.3 (4.8−62.7)
K/L = 4 (6%) 33.2 (6.2–178.4)
P for trend P< 0.0001
c-statistic 0.62 (0.55−0.69)
After stepwise selection of MRI features:
*Maximal BML grade (prevalence %)
present within any subregion of a knee:
Max BML grade=0 (32%) 1.0 (ref)
Max BML grade=1 (33%) 1.2 (0.7−2.1)
Max BML grade=2 (25%) 1.8 (1.0−3.2)
Max BML grade=3 (10%) 3.9 (1.6−9.6)
P for trend P=0.0007
c statistic 0.64 (0.57−0.71), McNemar
p = 0.7 in comparison to K/L
c-statistic
Maximal Meniscal gradea (prevalence
%) present within any subregion of a
knee:
Max meniscal grade=0 (49%) 1.0 (ref)
Max meniscal grade=1 (10%) 0.8 (0.4−1.7)
Max meniscal grade=2 (13%) 1.3 (0.7−2.4)
Max meniscal grade=3 (25%) 2.3 (1.3−4.1)
Max meniscal grade=4 (3%) 10.3 (1.3−83.7)
P for trend P=0.001
c-statistic 0.64 (0.57−0.71), McNemar
p = 0.3 in comparison to K/L
c-statistic
Among pairs of knees with no x-ray OA (n=107 persons)
After stepwise selection of MRI featuresb:
Presence of any BML (prevalence %):
57%
2.2 (1.0−4.7), p = 0.05
Presence of any MensicAbn (prevalence
%): 37%
2.2 (0.8−6.4), p = 0.1
Presence of any synovitis (prevalence
%): 29%
2.1 (0.8−5.2), p = 0.1
aSimilar results were obtained when using summed scores across a knee for each MRI feature.
bPresence of these features were used rather than maximal or summed grades due to smaller
numbers of pairs of knees without x-ray OA.
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K/L vs. each MRI feature to predict presence of FKP using c-statistics.
Finally, given the strong relation of the MRI features to x-ray severity, we
limited analyses of MRI features to pairs of knees with no OA.
Results: Identiﬁed were 193 persons with knees that were discordant for
FKP. Of MRI features, only BML and MeniscAbn were associated with
FKP (Table). K/L grade was similarly strongly associated with FKP. There
was no statistically signiﬁcant difference in ability to predict FKP between
K/L grade and either BML or MeniscAbn. Among pairs of knees without
x-ray OA and discordant for pain, BML were signiﬁcantly associated with
FKP, although MeniscAbn and synovitis had similar but non-signiﬁcant
ORs.
Conclusions: Contrary to previous studies, K/L grade was strongly
associated with FKP with similar associations as seen for MRI features,
suggesting K/L accurately reﬂects underlying painful pathology. Our re-
sults raise questions about whether some MRI features are related to
pain simply because they are proxies for overall disease severity. Even
so, in the whole sample and even among knees without x-ray OA BML
were signiﬁcantly associated with FKP. BMLs may therefore be the most
relevant target for pain in knee OA.
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Purpose: Cartilage destruction in osteoarthritis (OA) is driven by prote-
olysis of the principal matrix constituents, aggrecan and type II collagen.
Aggrecanolysis precedes and may be prerequisite for collagenolysis, with
the latter likely representing irreversible damage. A disintegrin and metal-
loproteiase with thrombospondin motif (ADAMTS) enzymes are primarily
responsible for pathological aggrecan loss, while members of the matrix
metalloproteinase (MMP) family degrade ﬁbrillar collagen. MMP-13 may
be the primary collagenase in cartilage, and MMP-13 knock-out (KO)
mice show transient abnormalities in endochondral ossiﬁcation in growth
and fracture repair. In this study we examined the effect of MMP-13 KO
on progression of joint disease in a surgical model of OA in mice.
Methods: Medial meniscal destabilization (MMD) was performed on the
right knee of 10wk male MMP-13 KO and wild type (WT) FVBN mice.
Mice were housed in groups, received feed and water ad libitum and were
weighed weekly until sacriﬁce at 4 or 8 wk post-surgery (n = 10−15/grp).
Serial sagittal sections through the width of the medial femoro-tibial joint
were cut. Sections every 40m were stained with toluidine blue and two
observers blinded to genotype scored femoral and tibial cartilage proteo-
glycan (PG) loss (0−3) and erosion (0−7), with maximal and summed
score recorded. Osteophyte size (0−3) and maturity (0−3) were scored
on digital images. The presence or absence of chondrocyte hypertrophy
in non-calciﬁed articular cartilage was noted and sections stained for
collagen type X and the MMP-generated aggrecan neopeitope . . .DIPEN.
Results: There was no difference in starting weight between genotypes
and all animals gained weight over the experiment. MMD induced PG loss
and cartilage erosion in WT mice, summed scores being more severe
in the tibia than femur at both time points (p< 0.01). In WT mice, tibial
cartilage erosion but not PG loss increased from 4 and 8 wks (p< 0.05).
In WT mice, cartilaginous osteophytes present at 4 weeks underwent
endochondral ossiﬁcation, with both size and maturity score increasing
from 4 to 8 wks (p< 0.01). There was no difference in PG loss or cartilage
damage between KO and WT mice at 4 wks. In femoral cartilage, PG loss
was worse in KO at 8 wks (p< 0.001), but structural damage did not differ
from WT. Tibial cartilage erosion did not progress with time in KO mice,
and both maximal and summed score were signiﬁcantly less in KO than
WT at 8 wks (p< 0.02). Chondrophytes were larger in KO than WT at
4 wks (p< 0.01), but by 8 wks were no different from WT in maturity
or size. Articular chondrocyte hypertrophy was evident in 70−90% of
joints with no difference between genotypes or with post-operative time.
Chondrocyte hypertrophy was associated with positive type X collagen
and ..DIPEN staining in both WT and KO mice.
Conclusions: These studies have conﬁrmed that cartilage structural
damage in OA in mice is dependent on MMP-13 activity. Cartilage erosion
can be inhibited in the face of ADAMTS-driven PG depletion, supporting
the potential for therapeutic intervention in established OA. In WT joints,
tibial cartilage erosion minimized the focal compression that induced
femoral cartilage PG depletion opposite the meniscal tip in KO joints.
Chondrocyte hypertrophy occurred equally in KO and WT mice, suggest-
ing that in itself this process is not a cause of cartilage degradation, but
the associated MMP-13 expression is critical. Osteophyte development
was not reduced in KO mice, demonstrating that it is not linked with
cartilage damage, but rather joint instability in this model.
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Purpose: Osteoarthritis is characterized by loss of proteoglycans fol-
lowed by collagen damage. Damage to the collagen network is often
considered irreversible, whereas proteoglycan loss is reversible. Un-
derstanding the interaction between proteoglycans and collagen is key
for functional repair of cartilage. The present study was designed to
test whether inhibition of proteoglycan production inﬂuences collagen
synthesis, deposition and subsequent crosslinking and how this affects
mechanical properties.
Methods: Bovine articular chondrocytes were cultured in alginate beads
for 5 weeks with 0, 0.025 or 0.25mM para-nitrophenyl-beta-d-xyloside
(PNPX). PNPX is an exogenous acceptor for galactosyl transferase I,
which competes with the endogenous xylosylated core proteins for gly-
cosaminoglycan chain production and thus prevents glycosaminoglycans
being incorporated in the matrix. DNA content, GAG and collagen de-
position, collagen cross-linking (speciﬁcally the HP cross-links) and GAG
and collagen content in the culture medium were determined. Mechanical
properties (equilibrium and secant moduli; unconﬁned compression) were
determined after 5 weeks to assess the functionality of the formed
cartilage network.
Results: As expected, GAG deposition in alginate beads decreased
with increasing concentration of PNPX from 46.0±6.5mg/bead in the
control condition to 8.4±3.4mg/bead in the presence of 0.25mM PNPX
after 35 days of culture. Surprisingly, collagen deposition in the alginate
bead and collagen cross-linking was also lower. In the control condition,
31.2±4.2mg collagen was deposited per bead, 16.9±0.8mg/bead in the
presence of 0.25mM PNPX. The number of collagen cross-links was
0.48±0.01 per collagen triple helix in the control condition and 0.16±0.01
in the presence of 0.25mM PNPX. In addition, in the presence of PNPX,
GAG and collagen were deposited further away from the cell than in the
control. Increased amounts of these extra cellular matrix molecules were
found secreted in the culture medium (See ﬁgure 1). The modulation of
proteoglycan deposition and a subsequent decrease in collagen deposi-
tion and cross-linking resulted in a decrease of the equilibrium and secant
modulus, indicative for the stiffness and ability to hold water.
Figure 1: Distribution of extracellular matrix components between the cell
associated matrix (CM, dark grey), further removed matrix (FRM, light
grey) and the culture medium (white) in the presence of PNPX. The
bars represent the absolute quantity with the relative distribution shown
as percentages. *Signiﬁcant difference in relative distribution (p< 0.05);
†Signiﬁcant difference in absolute production in the culture system.
Conclusions: We conclude that the decrease in collagen deposition and
cross-linking in the alginate beads, the increase in collagen excretion into
the medium and the decrease in mechanical properties is a result of an
incomplete proteoglycan network. This incomplete proteoglycan network
inﬂuenced the matrix properties directly and indirectly via its effect on the
collagen network. The effect of less GAG on the collagen network seen
here could explain why cartilage repair is ineffective in OA and help with
the development of new repair strategies.
